In this research we reported the synthesis of oligonucleotide-silver nanoparticle (OSN) conjugates and demonstrated their use along with magnetic beads as biosensor for Escherichia coli detection under magnetic field condition. Oligonucleotide DNA probes were conjugated on silver nanoparticles using alkanethiols linker. Two kinds of alkanethiols linker, 11-mercaptoundodecanoic acid (11-MUDA) and 16-mercaptophexadecanoic acid (16-MHDA) were compared to get the best probe conjugation yield and OSN UV-Vis absorption spectra properties. Three different methods of Escherichia coli DNA isolation i.e. Chen and Kuo (1993), Phenol Chloroform Isoamylalcohol (PCI) extraction and boiling lysis were also compared to explore the performance of the biosensor towards the DNA target purity. Detection process through hybridization between the DNA probe and the target was carried out at 55 o C for 1 hour incubation time. The results showed that 16-MHDA gave higher conjugation yield and higher OSN UV-Vis absorption spectra than 11-MUDA. The biosensor was able to detect the presence of the DNA target which was isolated from the three isolation methods. The best detection signal was achieved by Chen and Kuo isolation method in which it could detect the presence of the DNA target up to 1.3 ng/μL.
INTRODUCTION
Along with increasing knowledge of nucleic acid structure and function, detection of specific sequences of DNA has gained increased importance. DNA biosensors based on nucleic acid hybridization have been actively developed because of their specificity, speed, portability, and low cost. Recently, there has been considerable interest in using nano materials for DNA biosensors because of their high surface-to-volume ratios, unique optical, electrical, and thermal properties as well as excellent biological compatibilities. Moreover, nanomaterials could be used to increase the amount of immobilized DNA and maintain its biological activity (Sumar and Kumar, 2008; Xu et al., 2009) .
One of metal nanomaterials that can be used as biosensor is silver nanoparticles. Silver nanoparticles have been widely applied as DNA biosensor (Thompson et al., 2008) , protein biosensor (Chang et al., 2010) and antibacterial agent (Guzman et al., 2009) . For biological applications, silver nanoparticles can be conjugated with biospecific recognition molecules such as antibodies, DNA probe molecules or enzymes. Upon binding with biotarget molecules, the binding event can be detected from individual nanoparticles or nanoparticle clusters by monitoring nanoparticle property change or other responses (Huo, 2007) . Silver nanoparticles show absorption band in visible light region and give the optimum UV-Vis absorbance spectra at wavelength around 400 nm (Henglein and Giersig, 1999; Šileikaite et al., 2006) . These properties potentially could be used as signal of optical DNA biosensor. Optical detection methods relying on nanoparticle materials functionalized with 383 oligonucelotides have shown enhanced sensitivity and selectivity compared to conventional assays based on molecular probes (Wang, 2003) .
In the past decade, so many papers and review papers have been published to address the development of microbial pathogens biosensors (Ivnitski et al., 1999; Leonard et al., 2003; Arora et al., 2011) One of the most developed microbial pathogen biosensor is biosensor for Escherichia coli. This biosensor has been widely explored because of various infectious effects of Escherichia coli toward human health. Although most of Escherichia coli strains are harmless, but some serotypes produce large quantities of a potent toxin in the digestive tract causes a serious disease such as hemolytic uremic syndrome, which may lead to death in children and adults (Ivnitski et al., 1999; Vogt, 2005; Mao et al., 2006) . In this research we have developed DNA biosensor for Escherichia coli detection based on silver nanoparticles absorption spectra. Oligonucleotide DNA probes were conjugated on silver nanoparticles using alkanethiols linker to make the oligonucleotide-silver nanoparticle (OSN) conjugates. Use of alkanethiols linker as capping agents will enable specific interactions with the substrate and facilitate DNA immobilization as (Gupta et al., 2012) . The challenge in adopting this technique lies in preventing undesirable interactions between the capping agents that may lead to aggregation of the nanoparticles. Two kinds of alkanethiols linker, 11-mercaptoundodecanoic acid (11-MUDA) and 16-mercaptophexadecanoic acid (16-MHDA) were compared to get the best probe conjugation yield and OSN UV-vis absorption spectra properties.
Detection of the DNA target was carried out by using OSN conjugates along with Magnetic Beads (MB) under magnetic field condition. MB were conjugated with another DNA probes using the most stable non covalent biotin-avidin interaction. MB are a class of nanoparticles that can be manipulated with magnetic fields. The use of MB as zinc sulfide nanoparticles in DNA biosensors has increased (Li et al., 2003; Graham et al., 2005; Kouassi and Irudayaraj, 2006) . Zinc sulfide nanoparticles advantage is having free carboxyl groups on their surface that can be easily soluble in water (Zhu et al., 2004) . Three different methods of Escherichia coli DNA isolation i.e. Chen and Kuo, Phenol Chloroform Isoamylalcohol (PCI) extraction and boiling lysis were also compared to explore the performance of the biosensor towards the DNA target purity.
MATERIALS AND METHODS
Reagents and Buffers. Silver nitrate AgNO 3 , Sodium borohydride (NaBH 4 ), Tween 20, 16-Mercaptohexadecanoid acid (16-MHDA), 11-Mercaptoundodecanoic acid (11-MUDA), (3-Aminoprpyl)triethoxysilane (APTS), Iron(III)oxide (Fe 3 O 4 ), n-hydroxysuccinimide (NHS), N-Ethyl-N-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDAC), Imidazole and Avidin in analytical grade purity from Sigma Aldrich were used throughout this study. Saline Tris EDTA (STE) buffer, Tris EDTA (TE) buffer, Sodium Deodecyl Sulphate (SDS), proteinase K, phenol chloroform isoamylalcohol (PCI), ethanol absolute, NaCl, lysis buffer Chen and Kuo, chloroform and double distilled water (ddH 2 O) were all in molecular grade.
Probes. Both of DNA probes which immobilized on silver nanoparticles (5'-NH 2 -(CH 2 ) 6 -CAGCGAAAATCCTGTTTCATGGCCC-3') and DNA probes which immobilized on MB (5'-CACGGATCCAGACTTTGATACTGGCTCAG-Biotin-3') were obtained from 1 st Base,
Singapore.
Instruments. The spectrofotometric measurements were performed using Thermo Scientific GENESYS 10S UV-Vis spectrophotometer (USA). DNA concentration measurements were conducted on ACTGene ASP-2680 NanoDrop.
Synthesis of Silver Nanoparticles. Silver nanoparticles was synthesized according to Solomon et al. (2007) protocol. Initially, 30 ml of NaBH 4 0.2mM placed in 100 ml erlenmeyer flask. The erlenmeyer flask then surrounded by ice placed on beaker glass 500 ml and stirred with a stirrer to homogenize the NaBH 4 . On separated flask, 10 mL of 0.1M AgNO 3 were made. After the NaBH 4 solution stirred for 20 minutes, 0.2 mM solution of AgNO 3 was slowly added while stirring still being done. After 3 minutes, the mixture color will change from colorless to bright yellow.
Synthesis of Alkanethiols Functionalized Silver Nanoparticles (ASN). As much as 10 ml of silver nanoparticles and 10 ml of Tween 20 (2mg/ml) in 10 mM phosphate buffer pH 7.0 were mixed thoroughly in the 50 ml erlenmeyer flask. The mixture was allowed stand for 20 minutes at room temperature and 0.5 mM of 16-MHDA or 11-MUDA in 10 ml of methanol was added. The mixture was stirred overnight. After the stirring process has done, the mixture was centrifuged at 13,000 rpm for 60 min. The supernatant was discarded and the pellets were washed with ddH 2 O. The washed pellets then resuspend in 10 ml ddH 2 O and some of it was taken and scanned the absorbance compared with pure silver nanoparticles.
Synthesis of Oligonucleotide-Silver Nanoparticles (OSN).
A total of 10 μL of 500 nM amine modified DNA probes was added with 750 μL ASN and 240 μL phosphate buffer pH 7. The mixture was stirred and incubated for 2-3 hours. After the stirring process has completed, centrifuge the mixture at 13,000 rpm for 30 min. The pellets were washed twice with phosphate buffer pH 7. The washed pellets were resuspended in 750 μL phosphate buffer pH 7.
Synthesis of Magnetic Beads (MB). As much as 25 ml Fe 3 O 4 0.0128 mol / L was dissolved in 150 ml of ethanol and 1 ml Milli Q water. Then the mixture was sonicated for 30 minutes and added with 35 μL APTS and stirred for 7 hours. The mixture was centrifuged and the supernatant discarded. The pellets were washed 5 times using ethanol. Pellets were dried and the dry weight was calculated.
Synthesis of Avidin Coated Magnetic Beads (MB-Avidin). MB was resuspended in milli-Q water (100 μL 5mg/ml) and added to a mixture of 890 μL (100 mM imidazole, 100 mM EDAC, 100 mM NHS). The mixture then was added with 10 μL Avidin 2 mg/ml and incubated overnight. After incubation finished, the mixture was centrifuged and the supernatant was discarded. The pellets were then washed with Milli Q water.
Synthesis of Oligonucleotide-Magnetic Beads (OMB).
A total of 200 μL of MB-Avidin was added with 10 μL of biotin modified DNA probe (500 nM) and 90 μL of phosphate buffer pH 7. The mixture was stirred slowly overnight. The next day a mixture centrifuged, the pellets were washed with phosphate buffer pH 7 for twice. The washed pellets then resuspended with 200 μL of phosphate buffer pH 7.
E. coli cells Preparation. E. coli cells were cultured in Luria Bertani broth overnight at 37 °C until reached OD 600 of 0.6. Cultured cells were taken and put in a micro tube and then centrifuged at 10,000 rpm for 2 minutes. The supernatant was discarded and the pellet was used for further experiments.
Boiling Lysis DNA Isolation Methods. The pellet cells of E. coli was resuspended in 1 ml ddH 2 O and incubated on 90 °C for 10 min and centrifugated at 10,000 rpm for 3 minutes. The pellet was discarded and the supernatant was added cold absolute ethanol (96%). The solution was allowed to stand at -4 o C for 30 minutes and centrifugated at 10,000 rpm for 10 min. The pellet was washed with 70% of cold ethanol for twice and dried. The dried pellet was taken and dissolved in 50 μl ddH 2 O.
Phenol Chloroform Isoamylalcohol (PCI) DNA Extraction Method. The pellet cells of E. coli were resuspended in 500 μl of STE buffer. The solution then was centrifuged at 10,000 rpm for 3 minutes. The supaernatant was discarded and the pellet was resuspended and homogenized in 500 μl of TE buffer and 100 μl of SDS 10%. The solution then was added with 10 μl Proteinase-K and incubated at 37 o C for an hour. After the incubation process has finished, the solution was added with 500 μl of PCI solution and mix gently for several times. The solution then centrifuged at 10,000 rpm for 10 minutes. The upper aqueous phase was taken and put in new sterilized tube, the cold absolute ethanol (96%) was added and incubated for 30 minutes then centrifugated. The pellet was washed with 70% of cold ethanol for twice and dried. The dried pellet was taken and dissolved in 50 μl ddH 2 O.
Chen and Kuo DNA Isolation Method. The pellet cells of E. coli was resuspended in 200 μl of lysis buffer and 66 μl 5M NaCl. The solution was centrifuged at 10,000 rpm for 15 minutes. The upper aqueous phase was taken and put in new sterilized tube. The chloroform was added and mixed gently for several times until the color changes into milky white. The solution was centrifuged at 10,000 rpm for 15 minutes. The upper aqueous phase was taken and put in new sterilized tube, the cold absolute ethanol (96%) was added and incubated for 30 minutes then centrifugated. The pellet was washed with 70% of cold ethanol for twice and dried. The dried pellet was taken and dissolved in 50 μl ddH 2 O (Chen and Kuo, 1993) .
The DNA Target Detection. The presence of the DNA target was detected by mixing 10 μL of DNA target, 50 μL of OSN, 20 μL of OMB, and 10 μL of phosphate buffer pH 7. The mixture was incubated for an hour at 55°C. After incubation process has finished, the mixture was placed under magnetic field condition for 5 minutes. The solution was taken and scanned the absorbance at λ 350-480 nm. The presence of the DNA target was shown by decreasing of OSN absorbance spectra. The schematic of the DNA target detection can be seen in Fig.1 
RESULTS AND DISCUSSION
Synthesis of silver nanoparticles was done in the cold temperature to accelerating the reaction. The nanoparticle formation involving oxidation-reduction reactions that occur as follows: 2 AgNO 3 + 2 NaBH 4 '! 2 Ag +H 2 +B 2 H 6 + 2 NaNO 3. The reaction goes perfectly when the color of the solution changes from colorless to bright yellow (Jack, 2010) .The absorbance measurements showed that the absorption peak was 1.591 at a wavelength of 417 nm. Silver nanoparticles obtained from previous experiments subsequently functionalized with alkanethiol linker 16-MHDA and 11-MUDA. The linker forms a monolayer that serves as attachment of the DNA probes. The good linker will not lead the aggregation of silver nanoparticles and keep the color of the solution bright yellow. The result showed that there was a decreasing absorption peak of both 16-MHDA and 11-MUDA functionalized silver nanoparticles compare to pure silver nanoparticles, but 16-MHDA functionalized silver nanoparticles (ASN-MHDA) showed higher absorbtion peak than 11-MUDA functionalized silver nanoparticles (ASN-MUDA). Interaction between silver nanoparticles and alkanethiol linkers has lead a shift in the maximum wavelength of ASN-MHDA to 408 nm and 411 nm for ASN-MUDA, respectively. The addition of DNA probes both on 16-MHDA and 11-MUDA has reduced the absorbance peak. That can be occurs because of attachment of other molecules on the surface of silver nanoparticles may interfere its maximum absorbance (Nair, 2011) . The decrease in the maximum absorption peak can also occur because of the loss during centrifugation and washing. The absorption spectra of silver nanoparticles, ASN and OSN can be seen in Figure 2 . Three different methods of Escherichia coli DNA isolation i.e. Chen and Kuo, Phenol Chloroform Isoamylalcohol (PCI) extraction and boiling lysis were compared to explore the performance of the biosensor towards the DNA target purity. The characteristic of isolated DNA from the three isolation methods are listed in Table 1 . The result showed the highest concentration obtained from Chen and Kuo method, followed by PCI and boiling lysis. Based on the ratio of A 260/280 or DNA purity, Chen and Kuo and PCI showed a good result which ratio in the range from 1.8 to 2.0, while the result of boiling lysis method was not really good, since the ratio was below the range.
The biosensor was able to detect the presence of the DNA target which was isolated from the three isolation methods which indicated by reduction of the OSN absorption spectra. The best detection signal was achieved by Chen and Kuo isolation method which showed the lowest absorption spectra (Fig.3) . The DNA sample which isolated using Chen and Kuo method subsequently was diluted to a dilution series, i.e 10; 100, 1,000; and 10,000 times to know the limit detection of the DNA biosensor. The result of the experiment showed that the sample concentration was inversely proportional to the decrease of absorbance spectra. From the statistical analysis, the dilution from 10-1,000 times of DNA sample show a significant different with negative control, whereas 10,000 times of dilution has no significant different with negative control (Fig. 4) . This result implies that the DNA biosensor could detect the presence of the DNA target up to 1,000 of dilution which concentration ±1.3 ng/ μl. 
